We assessed the reproducibility of ad libitum energy intake (EI) in overweight/obese subjects. A total of six men and two women, with a body mass index 27-32 kg/m 2 , aged 18-45 years, not currently dieting and weight stable during the past 3 months were studied. Participants' EI before the study was standardized. A 1047 kJ (250 kcal) liquid preload containing 40% energy from whey protein (that is, 25 g of whey protein isolate) or a non-energy control preload were consumed randomly 90 min before an ad libitum lunch meal. Participants completed visual analogue scales for subjective appetite after preloads, and reported food intake during the remainder of the day. Treatments were repeated twice to assess reproducibility of ad libitum EI. Mean ad libitum EI was 3811 ± 979 kJ and 3334 ± 719 kJ after control-and whey protein-containing preloads, respectively. Analysis of repeated treatments showed within-treatment mean differences ( ± s.d.; day 1 minus day 2) of À50 ± 251 kJ (À12 ± 60 kcal), within coefficient of variation (CV) of 4.5% and intraclass correlation of 0.97 for control preloads. These results were À142 ± 544 kJ ( 34 ± 130 kcal), within-subject CVs of 11.2% and intraclass correlations of 0.72 for whey protein-containing preloads. In conclusion, ad libitum EI in a laboratory study using the preload paradigm in overweight and obese subjects was highly reproducible. Keywords: ad libitum intake; reproducibility; laboratory studies; whey protein; preload paradigm; overweight Introduction Reproducibility of energy intake (EI) during ad libitum meals by normal-weight adults (Arvaniti et al., 2000; Gregersen et al., 2008; Nair et al., 2009) and children (Bellissimo et al., 2008) has been described as good to excellent. However, data on overweight and obese subjects are lacking. In this study we report the reproducibility of ad libitum EI after consumption of a whey protein-containing liquid preload in a small sample of overweight/obese subjects.
Introduction
Reproducibility of energy intake (EI) during ad libitum meals by normal-weight adults (Arvaniti et al., 2000; Gregersen et al., 2008; Nair et al., 2009) and children (Bellissimo et al., 2008) has been described as good to excellent. However, data on overweight and obese subjects are lacking. In this study we report the reproducibility of ad libitum EI after consumption of a whey protein-containing liquid preload in a small sample of overweight/obese subjects.
Subjects and methods
A total of six men and 2 women, 18-45 years of age and with body mass index between 27 and 32 kg/m 2 , non-smokers, moderate alcohol consumers (that is, women o3 and men o4 units/day), non-vegetarian, non-high-protein consumption (that is, o20% daily EI), not currently dieting or seeking to lose weight and weight stable for at least 3 months, were studied. Non-pregnant, non-lactating women were studied during days 6-12 of their menstrual cycle. The Medical School Ethics Committee, University of Nottingham, approved this study.
At baseline, subjects completed the Stunkard's 3-Factor Eating Questionnaire, MCSDS (Marlowe-Crowne Social Desirability Scale), Beck depression inventory and a physical activity and food diaries for 3 days each (2 week days and 1 weekend day).
The Sussex Ingestion Pattern Monitor (Yeomans, 2000) was used to rate subjective appetite using visual analogue scales before the preload and at 30-min intervals until 1 h after the ad libitum meal.
Evening intake before study was standardized (30% of estimated energy requirements; 13% protein, 48% carbohydrate and 39% fat).
On the day of study, breakfast was consumed at 0800 h (rice krispies, Kellogg's, and semi-skimmed milk; providing 10% of estimated energy requirements). Vanilla-flavoured liquid preloads containing 25 g of instantized whey protein isolate powder, BiPRO (Davisco Foods International, Eden Prairie, MN, USA) or a zero energy/protein control preload, were consumed in random order. Whey protein preloads contained 13 g of maltodextrin (Cerestar, Manchester, UK), 22.5 g of double cream (Tesco, Cheshunt, Herts, UK) and water for an energy content of 1047 kJ (250 kcal) in a volume of 400 ml. The non-energy control preload comprised 399 ml of water plus 1 ml vanilla flavour. Treatments were repeated twice, with at least 7 days in between, to assess reproducibility of ad libitum EI at 90 min after the preload. A 400 g portion of pasta with cheese and tomato sauce (15% protein, 50% carbohydrate, 35% fat and an energy content of 6.2 kJ/g) was initially provided, followed by 250 g portions at constant intervals to refill the plate until the participant reported being comfortably satisfied. Food intake for the remainder of the day was recorded using a food diary.
The Bland-Altman method and intraclass correlation coefficients (ICCs) were calculated to compare the reproducibility of ad libitum EI. Coefficients of variation (CVs) and coefficients of determination (R 2 ) were also estimated for comparison with other studies. Comparisons between treatments (control vs whey protein) or within days (day 1 vs day 2) were carried out using t-tests. Results were presented as mean ± s.d. Statistical analysis was carried out using SPSS v15.0 for Windows (SPSS (UK) Limited, Woking, Surrey, UK).
Results
Participants' body mass index was 29.4 ± 2.0 kg/m 2 ; scores for dietary restraint were 6 ± 4, hunger 7 ± 3, disinhibition 8±3 and MCSDS 18±5. Mean self-reported daily EI before the study was 11 361 ± 1955 kJ (2714 ± 467 kcal). No significant correlation with ad libitum EI was observed. Mean ad libitum EI (days 1 and 2) was 3334±719 kJ after whey protein-containing preload, and 3811 ± 979 kJ after control preload (P ¼ 0.096); these figures represented 31.6±6.5 and 33.6±6.5% of daily EI, respectively. Mean difference in ad libitum EI ( ± s.d.; day 1 minus day 2) was À50 ± 251 kJ (À12 ± 60 kcal; P ¼ 0.595) with control, and À142±544 kJ (À34±130 kcal; P ¼ 486) with whey proteincontaining preload (Figure 1) . The CV for ad libitum EI was 11.2% after whey protein-containing preload and 4.5% after control preload. A high ICC also indicated a high reproducibility of results (Figure 2) .
Mean self-reported EI during the remainder of the day after whey protein-containing (5363 ± 2083 kJ) and control preloads (5471±1748 kJ) were not significantly different (P ¼ 0.690). Similarly, no significant differences were observed in mean total EI after whey protein and control preloads, respectively (10 060±2418 vs 10 650±2422 kJ; P ¼ 0.18).
Discussion
Overweight and obese subjects showed consistent and reproducible ad libitum and self-reported EI in a study using the preload paradigm. To our knowledge, no other studies have reported the reproducibility of ad libitum EI in overweight/obese subjects in the laboratory.
Previous research has indicated ICCs of 0.63-0.80 with CV of 10% for daily EI over 4 weekdays in eight normal-weight men and women (Obarzanek and Levitsky 1985) . In addition, Arvaniti et al. (2000) reported an ICC of 0.97 for ad libitum EI between two meal sessions in 14 men consuming a 4005-kJ fixed breakfast, but no preload, before an ad libitum cold buffet-type meal comprising a variety of foods. Gregersen et al. (2008) tested whether standardization of EI before the study influenced EI reproducibility in 55 men consuming a 2 MJ standard breakfast, but no preload, and a homogeneous mixed hotpot at ad libitum lunch. After standardization, results showed r ¼ 0.86, CV ¼ 8.9% and The ad libitum intake reproducibility in overweight subjects J Lara et al coefficient of repeatability of 1478 kJ for EI; with nostandardization, results were r ¼ 0.65, CV ¼ 14.5% and coefficient of repeatability of 1831 kJ. Nair et al. (2009) reported an ICC of 0.89 for ad libitum EI during a buffet-type lunch in 15 men consuming a glucose preload but no breakfast. Results from our study in overweight/obese subjects are in line with results from studies in normalweight subjects. However, because food intake may be increased when a variety of foods are presented in ad libitum meals (Norton et al., 2006) , studies using such designs are required to confirm our results. Our results also show that a whey protein-containing preload reduced ad libitum EI by 481 kJ (115 kcal). Such a decrease in ad libitum EI, although not statistically significant because of the small sample size, represented a partial compensation of approximately 46% of the preload energy content. These findings are in line with previous reports in the literature using similar (Akhavan et al., 2010) or greater amounts of whey protein (Bowen et al., 2006) .
Self-reported EI during the remainder of the day was similar after control-and whey protein-containing preloads representing approximately 50% of total EI. This suggests that the satiating effect of protein was only effective at the ad libitum meal. Interestingly, participants of this study did not seem to misreport habitual EI significantly. Habitual EI from food diaries represented an energy intake/basal metabolic rate ratio of 1.4 ± 0.13 or 91% of estimated energy requirements (basal metabolic rate Â physical activity level from activity diary ¼ 12 495±1909 kJ or 2975±456 kcal); EI during the day of the study was in the same range. A low dietary misreporting and low scores on dietary restraint and disinhibition may be important to obtain consistent results in this type of studies.
In conclusion, ad libitum EI in a laboratory study using the preload paradigm in overweight and obese subjects was highly reproducible. However, information about reproducibility of EI using different designs, for example, buffet-type design in overweight/obese subjects, is lacking.
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